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DETAILED ACTION

Drawings

1. Figure 2 should be designated by a legend such as -Prior Art- because only

that which is old is illustrated. See MPEP § 608.02(g). A proposed drawing correction

or corrected drawings are required in reply to the Office action to avoid abandonment of

the application. The objection to the drawings will not be held in abeyance. Applicant

admits that figure 2 is prior art page 7, lines 28-29 of the instant specification.

Claim Rejections - 35 USC §112

2. The following is a quotation of the second paragraph of 35 U.S.C. 1 12:

The specification shall conclude with one or more claims particularly pointing out and distinctly

claiming the subject matter which the applicant regards as his invention.

3. Claims 1-20 are rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

the applicant regards as the invention. In the instant case, the applicant in claims 1 and

13 requires a heat controller for an object comprising a base material radiating heat and

a phase change substance overlying the base material. It is unclear to the examiner

from the claims whether the "base material" claimed can be the surface of an object, i.e

the phase-change material can be coated directly on the radiating surface of an object,

or if the claimed base material is in fact an intermediate layer present between the

object surface and the phase change material. The examiner recognizes that the

applicant's specification is directed towards a heat controller that is formed on the

surface of an object as a separate layer, with the heat controller comprising a base

material layer formed on the object and a phase change layer overtop the base material
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layer, as shown by figure 1. However, claims 1 and 13, as written, can be interpreted

differently, i.e. "the base material radiating a large amount of heat" could be interpreted

to be the heat radiating surface of a hot object, as shown by figure 2, and not a layer in

a composite coating formed on an object, as shown by figure 1. Clarification is required.

4. Further, the terms "high-temperature" "low-temperature," "large," "small," and

"high reflectivity" in claims 1 and 13, and "several" in claim 2, are relative terms which

render these claims indefinite. The terms stated are not defined by the claims, the

specification does not provide a standard for ascertaining the requisite degree, and one

of ordinary skill in the art would not be reasonably apprised of the scope of the

invention. The examiner acknowledges the applicants argument that figure 5 provides

the requisite information necessary to allow one of ordinary skill in the art to be apprised

of the scope of these claims. However, examiner disagrees, as figure five merely shows

a change in emissivity of one example material, Lao.8Sr0.o75Ca0 <i25Mn02. No clear

definition is provided for "large" and "small" amounts of heat, nor is the scope of "high

temperature phase" and "low temperature phase" clearly elucidated from this drawing.

The particular problem with the terms "high," "low," "large," and "small," is that it is

unclear what they are relative to. The examiner respectfully suggests the applicant

adopt relative terminology, i.e "wherein the base material radiates larger amounts of

heat at a high temperature relative to that of the same material at low temperature

phase" would be acceptable. Correction is required.

Claim Rejections - 35 USC § 102
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5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

6. Claims 1, 4-5, 8, 12-13, 15-16, 18, and 20 are rejected under 35 U.S.C. 102(e)

as being anticipated by Okamoto et al. (US5296285).

7. For the purpose of this rejection under 102, the examiner has interpreted claims

1 and 13 to allow for the fact that the base material could be the surface of a hot object,

as shown by the figure 2 of the instant specification.

8. Regarding the limitations of claim 1 , wherein the applicant requires a heat

controller for an object comprising a composite material comprising: a base material

radiating a large amount of heat at a high-temperature phase; and a phase-change

substance overlying the base material, wherein the phase changing material exhibits

metallic properties at the low temperature phase, insulating properties at the high

temperature phase, high heat radiation at the high temperature phase, low heat

radiation at the low temperature phase, and high reflectivity to thermal infrared at a low

temperature phase.

9. Okamoto et al. teaches a heat control device suitable for use on an artificial

satellite or spacecraft (page 1, section 1). This heat control device comprises a variable

phase substance arranged on the heat radiation surfaces of a spacecraft. The variable-

phase substance is a manganese perovskite oxide that undergoes a phase transition

around room temperature. This substance has the characteristics of a metal at the low

temperature phase, and the characteristics of an insulator at the high temperature

phase. Further, this substance has a low heat radiation ratio at low temperature, and a
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high heat radiation ratio at high temperature (page 1, section 0016). Figure 2 clearly

shows that this material exhibits higher infrared reflectivity in the low temperature phase

as opposed to the high temperature phase. Thus, the phase change material of

Okamoto et al. meets the material property requirements of claim 1 . This phase-change

material is mounted in the form of a film on the heat radiation surfaces of a spacecraft,

and so is lightweight and space saving (page 1-2, sections 19). The examiner takes the

position that the heat radiation surface taught by Okamoto et al. meets the limitations in

claim 1 requiring a base material radiating a large amount of heat. Further, the examiner

takes the position that the satellite body on which the heat radiation surface is formed

meets the requirement in claim 1 of an object.

10. Regarding the limitations of claims 4 and 5, wherein the applicant requires the

phase change material to be a perovskite oxide (claim 4), specifically a manganese

perovskite oxide (claim 5). These limitations are met as set forth above for claim 1.

1 1 . Regarding the limitations of claims 8, wherein the applicant requires a reflective

plate or reflective layer having reflectivity to visible light to be laminated on the surface

of the phase change material opposite the base material. Okamoto et al. teaches that

when this material is mounted on a position that receives sunlight, a silicon plate

transparent to thermal infrared but opaque to sunlight may be positioned in front of the

variable phase substance in order to minimize sunlight absorption (pages 1-2, section

19). Because the silicon plate is opaque to sunlight, the examiner takes the position that

is will be reflective to sunlight to some degree, and thus meets the limitations of claim 8.
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12. Regarding the limitations of claim 12, wherein the applicant requires the object to

be an electronic circuit used in a space vehicle, including a man-made satellite and a

spaceship. This limitation is met as set forth above for claim 1

.

13. Regarding the limitations of claims 13, 15-16, 18, and 20, wherein the applicant

requires a method for controlling heat in an object. Claims 13, 15-16, 18, and 20 require

no significant method steps, as they only require that the layers having the required

properties be "provided" or "formed" in the requisite order. Aside from these method

limitations, the limitations of claims 13, 15-16, 18 and 20, are identical to claims 1, 4-5, 8

and 12. Thus, because no significant method steps are required by claims 13, 15-16,

18, and 20, these limitations are met as set forth above for claims 1, 4-5, 8 and 12.

Claim Rejections - 35 USC § 103

14. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set

forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was made.

15. Claims 1, 3-9 and 12- 20 rejected under 35 U.S.C. 103(a) as being unpatentable

over Babel et al. (US5296285) in view of Okamoto et al. (US2001/0027856A1).

16. For the purpose of the rejection under 35 USC 103(a), the examiner has

interpreted claims 1 and 13 to require that the base material layer is formed on the

surface of an object, as illustrated by figure 1 of the instant specification.

17. Regarding the limitations of claim 1 , wherein the applicant requires a heat

controller for an object comprising a composite material comprising: a base material
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radiating a large amount of heat at a high-temperature phase; and a phase-change

substance overlying the base material, wherein the phase changing material exhibits

metallic properties at the low temperature phase, insulating properties at the high

temperature phase, high heat radiation at the high temperature phase, low heat

radiation at the low temperature phase, and high reflectivity to thermal infrared at a low

temperature phase.

1 8. For the purposes of this examination, the examiner has interpreted "base

materiar as required by claims 1 and 13 to mean a layer of material which is not the

surface of an object, as is commensurate in scope with the instant specification and as

illustrated by figure 1.

19. Babel et al. .teaches a high emittance, low absorptance coating for an aluminum

substrate comprising a layer of anodized aluminum on the substrate, and a layer of

white paint on the anodized aluminum (column 2, line 63-column 3, line 2). This coating

is used as a thermal control surface of a spacecraft (column 4, lines 54-59). The

examiner takes the position that the Babel et al. coating meets the requirements of the

applicants claimed "base radiating a large amount of heat," due to the fact that the

coating has high emissivity and is used for a thermal control surface of a spacecraft.

20. Babel et al. does not teach a phase-change substance overlying a base material,

wherein the phase changing material exhibits metallic properties at the low temperature

phase, insulating properties at the high temperature phase, high heat radiation at the

high temperature phase, low heat radiation at the low temperature phase, and high

reflectivity to thermal infrared at a low temperature phase.
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21 . However, Okamoto et al. teaches a heat control device suitable for use on an

artificial satellite or spacecraft (page 1, section 1). This heat control device comprises a

variable phase substance arranged on the heat radiation surfaces of a spacecraft. The

variable-phase substance is a manganese perovskite oxide that undergoes a phase

transition around room temperature. This substance has the characteristics of a metal at

the low temperature phase, and the characteristics of an insulator at the high

temperature phase. Further, this substance has a low heat radiation ratio at low

temperature, and a high heat radiation ratio at high temperature (page 1, section 0016).

Figure 2 clearly shows that this material exhibits higher infrared reflectivity in the low

temperature phase as opposed to the high temperature phase. Thus, the phase change

material of Okamoto et al. meets the material property requirements of claim 1 . Thus,

the material regulates the amount of heat radiated from the surfaces of the spacecraft

on order to control the internal temperature of the spacecraft (page 1, section 2 and

section 15). This phase-change material is mounted in the form of a film on the heat

radiation surfaces of a spacecraft, and so is lightweight and space saving (page 1-2,

sections 19). Therefore it would have been obvious to one of ordinary skill in the art at

the time the invention was made to form the phase change substance taught by

Okamoto et al. over the high emissivity, low absorptance coating taught by Babel et al.

22. One would have been motivated to make such a modification due to the fact that

the Babel et al. coating is designed to be used as a thermal control surface of a

spacecraft, and the Okamoto et al. coating is specifically taught to be used on the heat

radiation (i.e thermal control) surfaces of a spacecraft. One would have been further
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motivated to make such a modification due to the teaching in Okamoto et al. that the

phase change substance maintains the internal temperature of the spacecraft to which it

is applied within a given range by automatically adjusting its heat radiation and

reflectance characteristics based on its temperature.

23. Regarding the limitations of claim 3, wherein he applicant requires the base

material to be thicker than the phase change material. Although this requirement is not

specifically taught, Okamoto et al. teaches that the phase change substance is formed

to a thickness of several hundred microns (page 2, section 22 of Okamoto et al.), and is

designed to be "light weight" (page 1 section 19). The examiner interprets "several

hundred microns" in Okamoto et al. to mean >200(a. It is well known in the art that the

thickness of any solid layer is a results effective variable, with thicker layers weighing

more than thinner layers. Thus, it would have been obvious to one with ordinary skill in

the art at the time the invention was made to form the Okamoto et al. coating to the

minimum acceptable thickness of 200|u in light of the fact that the Okamoto et al. coating

is designed to be light weight and the minimum thickness specified is "several hundred

microns." Further, Babel et al. teaches that the total thickness of the anodized

aluminum and the high emissivity coating affects the corrosion resistance, with

corrosion resistance increasing as the total thickness increases from 1-8 mils (38-203|a)

(column 3, lines 10-28 of Babel et al.). Thus, the examiner takes the position that the

thickness of the base layer (alumina + high emissivity coating) taught by Babel et al. is a

results effective variable. It would have been obvious to one with ordinary skill in the art

to form the Babel et al. coating to a thickness of 8 mils (203 microns) in order to achieve
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a base coating that has high corrosion resistance. When the base of Babel et al. ios

formed to a thickness of 8mils and the coating of Okamoto et al. is formed to a

thickness of 200ja, the limitations of claim 3 (base thickness>phase change thickness)

are met.

24. Regarding the limitations of claims 4 and 5, wherein the applicant requires the

phase change substance to be a perovskite oxide (claim 4), specifically a manganese

perovskite (claim 5). These limitations are met as set forth above for claim 1

.

25. Regarding the limitations of claim 6, wherein the applicant requires the base

material to have a thickness in the range of 10-100|arn. Babel et al. teaches that the

thickness of the high emissivity, low absorptance coating is between 1.5-8 mils (38-

203(1171), with thicker coatings exhibiting high corrosion resistance and thin coatings

being lightweight (column 3, lines 15-30 and column 4, lines 44-54). Thus the examiner

takes the position that the thickness of the high emissivity, low absorptance coating

taught by Babel et al. is a results effective variable.

26. Therefore it would have been obvious to one with ordinary skill in the art to

optimize the thickness of the high emissivity, low absorptance coating taught by Babel

et al. in order to achieve a desired balance between weight and corrosion resistance.

27. Regarding the limitations of claim 7, wherein the applicant requires the base

material to be selected from the groups consisting of silicone, alumina, and partially

stabilized zirconia. This limitation is met as set forth above for claim 1 , as Babel et al.

clearly teaches a base coating that comprises anodized aluminum. Anodized aluminum
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is known in the art to comprise aluminum oxide (AI2O3), which is also known in the art

as alumina. Thus, this limitation is met.

28. Regarding the limitations of claim 8, wherein the applicant requires a reflective

plate to be laminated on the phase change material on the opposite side from the base

material. Okamoto et al. teaches that when the phase change material is mounted on a

position that receives sunlight, a silicon plate transparent to thermal infrared but opaque

to sunlight may be positioned in front of the variable phase substance in order to

minimize sunlight absorption (pages 1-2, section 19). This silicon plate, because it is

opaque to visible light and minimizes absorption of sunlight, it will necessarily be

reflective to visible radiation thus meeting the reflection requirement in claim 8.

29. Therefore it would have been obvious to one with ordinary skill in the art at the

time the invention was made to use the silicon plate taught by Okamoto et al. above the

phase change material utilized by Babel et al. as modified by Okamoto et al.

30. One would have been motivated to make this modification due to the teaching in

Okamoto et al. that the silicon plate minimizes the absorption of sunlight by a phase

change material that is mounted on the surface of a satellite that is exposed to sunlight.

31 . Regarding the limitations of claim 9, wherein the applicant requires the composite

material to be affixed to the substrate either directly or with an intervening heat-

conductive adhesive. This limitation is met as set forth above for claim 1, as the coating

of Babel et al. is clearly affixed directly to the substrate.

32. Regarding the limitations of claim 12, wherein the applicant requires the object to

be an electronic circuit used in a space vehicle, including a man-made satellite and a
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spaceship. This limitation is met as set forth above for claim 1 , as Babel et al. as

modified by Okamoto et al. are taught to be used on spacecraft, including man made

satellites.

33. Regarding the limitations of claim 13-20 wherein the applicant requires a method

for controlling heat. These limitations are met as set forth above for claims 1 , 3-9 and

12. The applicant in claims 13-20 requires no substantial method steps other than

"providing" or "forming" layers having the same properties on the same types of

substrates as required by claims 1, 3-9 and 12. Thus, these limitations are met as set

forth above, because the combination of Babel et al. with Okamoto et al. would require

the layers to be "provided" in the order recited.

34. Claims 1 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Long et al. (US61 76453) in view of Okamoto et al.

35. Regarding the limitations of claim 1 , wherein the applicant requires a heat

controller for an object comprising a composite material comprising: a base material

radiating a large amount of heat at a high-temperature phase; and a phase-change

substance overlying the base material, wherein the phase changing material exhibits

metallic properties at the low temperature phase, insulating properties at the high

temperature phase, high heat radiation at the high temperature phase, low heat

radiation at the low temperature phase, and high reflectivity to thermal infrared at a low

temperature phase.

36. Long et al. teaches a radiator comprising a structure that generates heat, and a

radiator element in thermal communication with the structure. The radiator element is
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coated with a white thermal control paint that has high emissivity and low solar

absorptance (column 2, lines 1-13). The examiner interprets the white thermal control

paint of Long et al. to meet applicant's requirement of a "base material radiating a large

amount of heat."

37. Long et al. does not teach a phase-change substance overlying a base material,

wherein the phase changing material exhibits metallic properties at the low temperature

phase, insulating properties at the high temperature phase, high heat radiation at the

high temperature phase, low heat radiation at the low temperature phase, and high

reflectivity to thermal infrared at a low temperature phase.

38. However, Okamoto et al. teaches a heat control device suitable for use on an

artificial satellite or spacecraft (page 1, section 1). This heat control device comprises a

variable phase substance arranged on the heat radiation surfaces of a spacecraft. The

variable-phase substance is a manganese perovskite oxide that undergoes a phase

transition around room temperature. This substance has the characteristics of a metal at

the low temperature phase, and the characteristics of an insulator at the high

temperature phase. Further, this substance has a low heat radiation ratio at low

temperature, and a high heat radiation ratio at high temperature (page 1, section 0016).

Figure 2 clearly shows that this material exhibits higher infrared reflectivity in the low

temperature phase as opposed to the high temperature phase. Thus, the phase change

material of Okamoto et al. meets the material property requirements of claim 1 . Thus,

the material regulates the amount of heat radiated from the surfaces of the spacecraft

on order to control the internal temperature of the spacecraft (page 1, section 2 and
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section 15). This phase-change material is mounted in the form of a film on the heat

radiation surfaces of a spacecraft, and so is lightweight and space saving (page 1-2,

sections 19).

39. Therefore it would have been obvious to one with ordinary skill in the art to form

the phase-change coating of Okamoto et al. over the surface of the heat radiator panel

taught by Long et al.

40. One would have been motivated to make such a modification due to the teaching

in Okamoto et al. that coating the radiator panel of a satellite with a phase change

material of a manganese perovskite oxide allows the internal temperature of a

spacecraft to be passively controlled within a desired temperature range.

41 . Regarding the limitations of claim 1 0, wherein the applicant requires the

composite material to be joined to the object with an "appropriate intervening adhesive."

42. Long et al. teaches that when the white thermal control paint is applied to the

surface of the substrate, the surface of the substrate is primed with a primer to improve

the adhesion of the paint (column 8, lines 16-24). "Adhesive" is defined by Webster's

Collegiate Dictionary 10th edition 1998 as "tending to adhere or to cause adherence."

Thus, because the primer of Long et al. is improving the adhesion of the paint, the

examiner takes the position that the primer of Long et al. meets the applicant's

requirement of an "appropriate intervening adhesive."

43. Claims 1 and 1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Hasuda et al. (US466760) in view of Okamoto et al.
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44. Regarding the limitations of claim 1 , wherein the applicant requires a heat

controller for an object comprising a composite material comprising: a base material

radiating a large amount of heat at a high-temperature phase; and a phase-change

substance overlying the base material, wherein the phase changing material exhibits

metallic properties at the low temperature phase, insulating properties at the high

temperature phase, high heat radiation at the high temperature phase, low heat

radiation at the low temperature phase, and high reflectivity to thermal infrared at a low

temperature phase.

45. Hasuda et al. teaches a flexible optical solar reflector comprising a solar light

reflecting layer and a heat radiation layer (column 5, lines 55-67). This reflector can be

applied to curved surfaces (column 4, lines 16-23) and is intended for use on artificial

satellites (column 3, lines 5-25). The examiner interprets the solar reflecting layer of

Hasuda et al. to meet the requirements of a "base material radiating a large amount of

heat," as required by claim 1.

46. Hasuda et al. does not teach a phase-change substance overlying a base

material, wherein the phase changing material exhibits metallic properties at the low

temperature phase, insulating properties at the high temperature phase, high heat

radiation at the high temperature phase, low heat radiation at the low temperature

phase, and high reflectivity to thermal infrared at a low temperature phase.

47. However, Okamoto et al. teaches a heat control device suitable for use on an

artificial satellite or spacecraft (page 1, section 1). This heat control device comprises a

variable phase substance arranged on the heat radiation surfaces of a spacecraft. The
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variable-phase substance is a manganese perovskite oxide that undergoes a phase

transition around room temperature. This substance has the characteristics of a metal at

the low temperature phase, and the characteristics of an insulator at the high

temperature phase. Further, this substance has a low heat radiation ratio at low

temperature, and a high heat radiation ratio at high temperature (page 1, section 0016).

Figure 2 clearly shows that this material exhibits higher infrared reflectivity in the low

temperature phase as opposed to the high temperature phase. Thus, the phase change

material of Okamoto et al. meets the material property requirements of claim 1 . Thus,

the material regulates the amount of heat radiated from the surfaces of the spacecraft

on order to control the internal temperature of the spacecraft (page 1 , section 2 and

section 15). This phase-change material is mounted in the form of a film on the heat

radiation surfaces of a spacecraft, and so is lightweight and space saving (page 1-2,

sections 19).

48. Therefore it would have been obvious to one of ordinary skill in the art to coat the

heat-radiating layer taught by Hasuda et al. with the phase-change material taught by

Okamoto et al.

49. One would have been motivated to make such a modification due to the teaching

in Okamoto et al. that the amount of heat radiated by a radiator panel of a spacecraft

can be controlled within a specific range by coating the surface of the radiator panel

with a layer of a phase change material.

Response to Arguments
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50. Applicant's arguments with respect to claims 1-20 have been considered but are

moot in view of the new ground(s) of rejection.

51 . The examiner would like to note that claim 2 would be indicated as allowable if

the 1 12 issues present in claims 1 were corrected. Further, if the applicant labels figure

2 as prior art, clears up the 1 12 issues in claims 1-20, and inserts the limitations of claim

2 into both claims 1 and 13, all of the claims will be allowable over the prior art.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Nikolas J. Uhlir whose telephone number is 703-305-

0179. The examiner can normally be reached on Mon-Fri 7:30 am - 5 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Paul Thibodeau can be reached on 703-308-2367. The fax phone numbers

for the organization where this application or proceeding is assigned are 703-872-9310

for regular communications and 703-872-9311 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-305-

0389.

Examiner's Note

Conclusion
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